The objective of this study was to evaluate the influence of exposure to oil and oil products among men on the time taken for their wives to conceive and on the incidence of spontaneous abortion among them. A cross-sectional study was performed by posting questionnaires to 1,269 men employed as offshore mechanics, offshore operators, offshore drilling personnel, car mechanics (the 'exposed' occupations) and carpenters ('unexposed'). The married men were asked to give a separate questionnaire to their wives for details about their pregnancies. The time elapsed between the beginning of coitus without contraception and the wife becoming pregnant (time to pregnancy) was analyzed with Cox regression analysis by calculating fecundability ratios for the pregnancies for the men exposed to oil and oil products as compared with the men who were not exposed. Spontaneous abortions were analyzed with logistic regression by calculating odds ratios for the pregnancies in which the men were exposed vs. not exposed. A total of 741 (58%) men returned the questionnaires. A total of 301 pregnancies were analyzed for time taken to conceive and 580 for spontaneous abortion. The results were adjusted for variables that could significantly influence conception time (previous Infections of the reproductive system and coffee drinking) or the incidence of spontaneous abortion (mother's age, parity and smoking). The outcomes between the exposed and unexposed pregnancies showed no significant differences. Car mechanics had a lower fecundability ratio before 1992 than after 1992. Paternal exposure to hydrocarbons in the occupations studied did not seem to have had a major influence on time to conception or the incidence of spontaneous abortion among the wives of the men exposed to oil products.
INTRODUCTION
A variety of occupations, such as welder, driver, agriculture worker, firefighter, health care worker, painter, printer, wastewater worker and electronics worker are thought to cause reproductive problems among men. 1 Little is known about reproductive hazards in some occupations involving chemical exposure, such as the oil and oil products industries. Several of the components that may be found in oil and oil products may adversely affect human reproduction, 2 but very little is known about the risk of such effects from actual working conditions. The components in question are various hydrocarbon components, such as polycyclic aromatic hydrocarbons and benzene. 3 Wives of mechanics, especially car mechanics, are reported to have an increased risk of spontaneous abortion. 4 An increased risk of infertility is reported among couples in which the husband is a mechanic. 5 The data from these studies are more than 15 years old, and exposure might have changed or been reduced by improving the working environment through new ventilation systems and increased use of gloves and skin barrier creams. We wanted to study the influence of occupation on the reproductive ability of couples in which the husband is exposed to oil and oil products. We found the occupations of mechanics and drilling personnel of offshore oil companies and car mechanics to be representative. All these groups may be exposed to oil and oil products both through skin contact 6 and inhalation. 7 Specific studies of the effect of offshore exposure on men's reproductive outcome have not been performed before, but it is known that drilling mud contains different hydrocarbons. 7 There may be some minor differences in exposure levels between the groups, but the exposure is essentially comparable. In addition to oil and oil products, mechanics and car mechanics may be exposed to other factors that may adversely affect reproduction, such as inorganic lead 8 and carbon monoxide. 9 Nevertheless, this type of exposure is probably low. The aim of this study was to explore the effect of work among men in occupations in which exposure to oil and oil products is common on the time elapsed between the beginning of coitus without contraception and the wife becoming pregnant (time to pregnancy) and the incidence of spontaneous abortion. These two outcomes are relevant measures for adverse reproductive effects. We also wanted to study trends in these outcomes over time.
MATERIAL AND METHODS

Study population
The study design was cross-sectional, including workers employed at the time of the study, but historical data were also collected. The occupations included as being exposed to oil and oil products were mechanics and drilling personnel in offshore oil operations and car mechanics. Carpenters and joiners (later referred to as carpenters) were selected as an 'unexposed' group due to assumed low exposure to oil and oil products and comparable socioeconomic status. Operators offshore monitor the operations in control rooms and at the production area and are probably much less exposed than the mechanics and the drilling personnel. They served as a second reference group offshore. Because the commuting required among offshore workers affects whether couples are cohabiting during potential reproductive periods, we compared these offshore groups isolated from workers onshore.
The study population consisted of 1,269 men. Study participants were recruited from five occupational health services. The occupational health services provided address lists of all the workers belonging to the selected occupations registered in the occupational health service units. All car mechanics in 25 firms, all carpenters in 11 firms, all mechanics offshore in two firms, all drilling personnel in one firm and all operators in one firm were invited to participate.
An estimated 55 pregnant women whose husbands worked under exposed conditions and 55 whose husbands worked under unexposed conditions would be required to detect a 50% decline in the probability of conception with 80% power at a 5% level of significance. 13 We estimated that it would require 112 exposed and 112 unexposed pregnancies to detect a twofold increased risk of spontaneous abortion with 80% power and a 5% level of significance, if the incidence of spontaneous abortion was 15% among the unexposed. If the incidence was 10%, it would require 80 pregnancies in both groups. From a starting-point of about 1,200 workers in five occupational groups, we considered the number of participants to be sufficient
Data collection
Questionnaires were mailed to the participants' home addresses during the summer and autumn of 1997. The participant was asked if he was married. The single men could return the questionnaire without further completion. The married men and their wives were asked to fill in separate questionnaires and return them in separate stamped envelopes addressed to the researchers. Information was obtained from the married man concerning year of birth; present employment including starting date; commuting; previous employment; medication; smoking and alcohol consumption. Present and previous smokers were asked when they started and/or stopped smoking whereas the question on alcohol was limited to the number of international units consumed per week. A full history on this topic was omitted to avoid provocation and a possibly reduced response rate. The following information was collected from the women: year of birth; any history of diabetes mellitus; metabolic disorders; menstrual disorder; ovarian cyst and any tumour or infection of the reproductive system. The women were also asked whether they had tried to conceive for one year or more during their partnership. In addition, for each pregnancy with her current husband, information was obtained concerning the month and year the pregnancy was terminated, time to pregnancy, spontaneous abortion, occupation and medication. Questions on the consumption of international units of alcohol per week, cups of coffee per day and number of cigarettes smoked were also reported for each pregnancy. Time to pregnancy was recorded by asking for the number of months she and her husband had been having sexual relations without using contraception before the subject pregnancy occurred.
Analysis
Only one pregnancy per woman, termed the 'index pregnancy', 14 was included in the analysis on time to pregnancy, because we did not consider multiple pregnancies of one woman to be independent variables.
! l We chose the last pregnancy as the index pregnancy, to get as many pregnancies as possible matched to the husband's present employment This was intended to ensure that the husband was exposed to oil or oil products. Pregnancies terminated before the commencement of the husband's present employment were excluded.
Median time to pregnancy was estimated using life tables. To analyze the simultaneous effect of all the variables, Cox regression analysis was used. The first step was univariate analysis of each variable. The variables included from the men's questionnaire in the univariate analysis were commuting, medication, smoking and alcohol consumption. The variables included from the women's questionnaire were occurrence of diabetes mellitus, metabolic disorders, ovarian cyst, menstrual disorder, tumour of the reproductive system, infection of the reproductive system, parity, occupation, smoking, medication, consumption of caffeine and alcohol and age at termination of pregnancy. Age at termination of pregnancy was first analyzed as a categorical variable with the categories 19-25, 26-32, 33-39 and 40-^6 years of age, and if this showed a linear relationship, age was included as a continuous variable in the final analyses. Variables with p-values of less than 0.10 in the univariate analyses were then included in a backwards stepwise analysis. The variables not removed, together with the variables of age, parity and occupation, were included in the final model. The number of months to pregnancy was converted to the cycle of conception by adding one. Using the cycle of conception as survival time in Cox regression gives the fecundability ratio. This is the ratio between the probability of getting pregnant during the next cycle for exposed and unexposed groups. Pregnancies with time to pregnancy of more than 12 months were excluded from the regression analysis, because couples may get medical help for infertility after this time, which might influence the results. However, the proportion of pregnancies with these long waiting times was estimated for each occupational group.
We included all pregnancies for each woman in the analysis of spontaneous abortion, although they are not independent. Couples experiencing spontaneous abortion often try to conceive again until they succeed. Because most of the couples in this study had finished their reproductive period (mean age = 38 years), the last pregnancy would probably have shown a false low estimate of the incidence of spontaneous abortion. The first pregnancy for each couple would have been useful for the analysis of the incidence of spontaneous abortion separately, but too many would have been excluded if they were linked to the occupation of the husband, because many would have had a different occupation at that time.
Univariate logistic regression analyses with all variables was performed in this study to find those that significantly influenced spontaneous abortion. The variables included in the univariate analysis were the same as those used for the univariate analysis of time to pregnancy. Variables with p-values of less than 0.10 were then included in a backwards stepwise regression analysis. The variables not removed, together with the variables age, parity and occupation, were then included in one final regression analysis, which estimated the effect on spontaneous abortions as odds ratios (OR). One analysis were also made with all the exposed occupations summed up in one group.
In the analysis of time trends, the subjects were divided into two equally sized groups by the median time of termination of pregnancy. The effect of time was estimated by using a dummy variable for the two time periods in the model.
RESULTS
Of the 1,269 questionnaires posted, 741 (58%) were returned. The response rate was 52% for the car mechanics and 60-61% for the other groups. The respondents who were single numbered 182. This left 559 couples, of whom 116 had no pregnancies together. The remaining 443 couples, with at least one pregnancy each, had 1,076 pregnancies altogether, but 247 were excluded because they occurred before the man was employed in his current occupation. Table 1 shows a list of the descriptive variables for the occupations studied.
Time to pregnancy
Of the 443 index pregnancies, 63 were excluded because they occurred before the man was in his current occupation and 79 were excluded because of missing data, leaving 301 pregnancies for the analysis. The dates for termination of the pregnancies ranged from 1961-98. After 6 months, 72% of the wives included in the analysis • Calculated using life tables. b Calculated using Cox regression analysis and adjusted for mother's age at termination, parity, previous Infections of the reproductive system and coffee drinking during pregnancy. 0 Separate analysis combining all exposed workers in one group.
(including those with both 'exposed' and 'unexposed' husbands) were pregnant.
The analysis of age at termination of pregnancy as a categorical variable showed a linear (but not statistically significant) relationship with time to pregnancy and was thus included as a continuous variable in the final analysis. The variables in the present material that significantly influenced the time to pregnancy in the univariate analysis were previous infection of the reproductive system with a fecundability ratio of 0. The fecundability ratios for the studied occupations are shown in Table 2 . The fecundability ratio did not differ significantly between the groups. Mechanics and drilling personnel offshore were also compared with operators offshore, producing a fecundability ratio for mechanics offshore vs. operators of 0.80 (CI = 0.49-1.32) and for drilling personnel vs. operators of 0.89 (CI = 0.61-1.29).
The median date for termination of pregnancy was July 1992. The fecundability ratios compared the pregnancies terminated before and after this point in time and were adjusted for mother's age at termination, parity, previous infection of the reproductive system and coffee drinking during pregnancy. For the whole group the fecundability ratio was 0.83 (CI = 0.64-1.07), for carpenters 0.93 (CI = 0.49-1.77), for car mechanics 0.52 (CI = 0.28-0.98), for mechanics offshore 1.17 (CI = 0.48-2.83), for drilling personnel 0.86 (CI = 0.53-1.39) and for operators 0.51 (CI = 0.24-1.07). The difference was statistically significant for car mechanics whose wives had a median time to pregnancy of 3.9 months before 1992 compared to 2.9 months after 1992 (calculated using life tables).
The proportions with time to pregnancy of more than 12 months were 15.3% for carpenters, 15.0% for car mechanics, 25.0% for mechanics offshore, 12.6% for drilling personnel and 5.7% for operators.
Spontaneous abortion
In the analysis of spontaneous abortion, 249 pregnancies were excluded because of missing data, leaving 580 for the analysis.
The analysis of age at termination of pregnancy as a categorical variable showed a linear relationship with the incidence of spontaneous abortion and was thus included as a continuous variable in the final analysis. The variables that significantly influenced the incidence of spontaneous abortion according to the univariate analysis were age at termination of the pregnancy (p = 0.003), parity (p = 0.047) and number of cigarettes smoked weekly during pregnancy (p = 0.044). The incidence of spontaneous abortions increased with increasing age, increasing parity and increasing number of cigarettes smoked. The variables weekly consumption of alcohol during pregnancy and irregular menstrual periods had p-values between 0.05 and 0.10. Table 3 shows the incidence of spontaneous abortion in the wives of the exposed and unexposed workers adjusted for the significant variables mentioned above. There were no significant differences between the groups.
Mechanics and drilling personnel offshore were also compared with operators offshore, producing an OR for mechanics offshore vs. operators of 1.1 (CI = 0.4-3.1) Table 3 . Incidence of spontaneous abortion and odds ratios for spontaneous abortion among the wives of workers exposed to oil and oil products compared with unexposed workers (carpenters) • Relative risk adjusted for mother's age at termination, parity and number of cigarettes smoked during pregnancy. b Separate analysis combining all exposed workers in one group. The OR for spontaneous abortion was 0.4 (CI = 0.1-1.6) for car mechanics before July 1992 compared with after July 1992. The time trends for the other exposed groups showed ORs of 0.4-0.7, and for all exposed groups combined the ratio was 0.7 (CI = 0.4-1.1) before vs. after July 1992.
DISCUSSION
The results indicated no major differences in fecundability ratio and risk of spontaneous abortion between the exposed and unexposed groups. The confidence intervals were relatively narrow for the fecundability ratios. The highest risk of reduced fertility was found in the lower limit of the confidence interval for mechanics offshore compared with operators. This was a fecundability ratio of 0.49, which means a 49% chance of becoming pregnant during the next cycle, as compared with the reference group. The ORs for spontaneous abortion had wider confidence intervals, with the highest risk found as the upper limit of the confidence interval for the OR of drilling personnel vs. operators. This OR was 3.2. These results should therefore be considered more carefully, but we can at least assume that the OR for spontaneous abortion was not higher than 3.2 for this group. For the other groups it was lower. The response rate and thereby the power of this study turned out to be lower than expected. The number of exposed pregnancies in some of the occupational groups were lower than required according to the power estimates. These estimates assumed perfect information, but because of misclassification on the individual level in retrospective data, the number should have been even higher. 11 The effects of age at termination of pregnancy, parity and smoking during pregnancy on the incidence of spontaneous abortion are in accordance with previous findings. 15 " 17 This is also the case with the effect of drinking coffee on the time to pregnancy. 18 Given the short time-window for ovulation, it was surprising that commuting had no effect on time to pregnancy, since workers offshore are away from home 2-3 weeks at a time. This might be explained by the fact that they have long holiday periods.
This study provides information about the reproductive risk in some occupations in Norway in which workers worry about the consequences of occupational exposure to oil products. An interview would probably have obtained a higher response rate, but using a postal questionnaire was less invasive. The present study had a simple design, was easy to conduct and was relatively inexpensive.
The exposure to oil and oil products was not measured specifically, which reduced the sensitivity of this study. But the data obtained were retrospective, and exposure measurements today would have provided little additional information. We considered that only a high incidence of spontaneous abortion or infertility associated with any of the occupations examined would justify further studies with extensive and expensive measurements of exposure.
The low response rate may result from respondents being tired of questionnaire surveys, as there have been several conducted in these occupations in recent years. The offshore workers might also have been influenced by commuting, although they had a later deadline for response then the rest The low response rate increased the risk for selection bias. The couples who experienced a spontaneous abortion or infertility would probably be more motivated to participate in this study than couples without such experience. The mean percentage that achieved pregnancy after 6 months (72%) is slightly lower than the 80% reported by Joffe 11 as normal, which supports this assumption. An estimated 10-15% of clinically manifested pregnancies end in spontaneous abortion.
19 ' 20 Our material shows an overall incidence of spontaneous abortion of 14.6%, which does not strongly support the assumption of selection. The problem of selection applies to the unexposed group as well, although the exposed group might be more motivated to respond.
McDonald et a/. 4 surveyed more than 56,000 women during 1982-84, analyzing paternal occupation and spontaneous abortion. Mechanics and repairers of motor vehicles had a ratio of observed to expected of 1.17 (90% confidence interval 1.03-1.32). Rachootin and Olsen 5 carried out a case-control study of the association between infertility and occupations based on data collected from 1977-80. They found an OR of idiopathic infertility in mechanics of 8.82 (CI = 3.02-25.77). Sailmen et al. 21 conducted a study on time to pregnancy among the wives of men exposed to organic solvents. They included pregnancies from 1973-83 and concluded that their findings provided limited support for the hypothesis that paternal exposure to organic solvents might be associated with decreased fertility. In our study we did not find that paternal exposure to oil and oil products influenced the time to pregnancy or the incidence of spontaneous abortion. The median time of termination of pregnancy in our material was 1992 and at least 10 years earlier for the other studies. The difference in outcome may result from changes in exposure from the early 1980s to the early 1990s, just as exposure was reduced from the 1970s to the 1980s. 22 We conclude that the paternal exposure to hydrocarbons in the occupations studied does not seem to have a major influence on the time to pregnancy or the incidence of spontaneous abortion. But since the number of participants in the study was small, giving relatively wide confidence intervals, minor effects can not be ruled out based on this study.
